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(54) DEVICE FOR LIMITING THE HANGING OF A REBOUNDED AXLE OF A VEHICLE

(57) The invention relates to a stopping device (11)
for limiting the hanging of a rebounded axle (2) on a ve-
hicle which comprises a chassis (3) provided with a cou-
ple of side members (3a), the device comprises a sus-
pension system (5) connecting the axle (2) and the side
members (3a) and a stopping device (11) which compris-
es:
- a first stop element (15) including at least one first flex-
ible belt (17), first connecting means (20) and second
connecting means (21), each first and second connecting
means (20, 21) are configured to respectively be con-
nected to the upper and the lower ends (17a, 17b) of the
at least one belt (17) ;
- a second stop element (16) including at least one sec-
ond flexible belt (18), first connecting means (20) and
second connecting means(21), each first and second

connecting elements (20, 21) are configured to respec-
tively be connected to the upper and the lower ends (18a,
18b) of the at least one belt (18);
the first connecting means (20) are configured for stably
connecting the upper ends (17a, 18a) of the first and the
second stop elements (15, 16) to the side member (3a)
of the chassis (3).

The suspension system (5) is an Electronically Con-
trolled Air Suspension (ECAS) system and in the second
connecting means (21) are configured to adjustably con-
nect said lower ends (17b, 18b) of the first and the second
stop elements (15, 16) to an element (12) joint to the axle
2, the second connecting means (21) being configured
to vary the set-up length of the first and second stop el-
ements (15, 16) in function of a predetermined set-up
extension level of the ECAS suspension system (5).
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Description

PRIORITY CLAIM

[0001] This application claims priority from Italian Pat-
ent Application No. 102017000020136 filed on February
22, 2017.
[0002] The present invention concerns a device for lim-
iting the hanging of a rebounded axle of a vehicle, in
particular it is related to a device for limiting the hanging
of a rebounded axle of a vehicle for off-road vehicles.
[0003] As known, some vehicles are designed for ex-
ample for off-road applications. These vehicles, such as
for example those used for defense and civil protection
applications, are subjected to high stresses due to the
impervious paths along which they run.
[0004] On this regard the axles of the vehicles, for
exam4ple the rear axles, are subjected to frequent re-
bounds. The expression "rebounds" wants to indicated
substantially a relative movement of an axle with respect
to the chassis of the vehicle.
[0005] It is clear that for these vehicles the design of
the suspension groups is a factor particularly critical es-
pecially if the suspensions groups comprise shock ab-
sorbers. Indeed, in this case the shock absorbers define
a lower limit for the rebounds of the axle. Such lower limit
is established substantially by the maximum extension
of the absorbers. However when this condition is
reached, the absorbers are seriously stressed.
[0006] From document EP2821264 A1 it is known to
use a device for limiting the hanging of a rebounded axle
on a vehicle, comprising a stopping device provided by
first and second stop elements comprising respectively
a flexible belt and first and second connection means to
connect each of the extremities of the belts to an element
joint to the axle and to an element fixed to the chassis of
the vehicle respectively.
[0007] The presence of two belts guarantee a substan-
tially equal repartition of loads and permits to the stopping
device to support high loads. However, the set-up of the
stopping device as previously described is not easy nor
immediate.
[0008] In fact, in order to guarantee an equal repartition
of the forces into the two belts, the stop elements need
to be at the same pretension, despite all possible man-
ufacturing tolerances and position-differences.
[0009] In order to achieve the aforementioned condi-
tion, one of the two stop elements has a fixed length and
the other has a length which is adjustable through ad-
justable fixing means, in order to compensate all toler-
ances and position-differences within said stop ele-
ments.
[0010] The set-up comprises a first step in which the
belt of the first stop element (the fixed length one) is put
in a slightly tensioned state and a second step in which
the length of the second stop element is adjusted con-
sequently to the reached tensioned state of said belt.
[0011] However, such set-up procedure is complex

and cannot be easily reproduced by the user, e.g. if one
of the belts fails and must be substituted. In fact, the
aforementioned tensioning condition is achieved by fixed
position of rebounding of the axle, which is not easy to
be handled by the vehicle user alone. In fact, the set-up
must be done with additional lifting-tools, in order to lift
the chassis.
[0012] Therefore, the need is felt to have a device for
limiting the hanging of a rebounded axle which could be
easily mounted and set-up on a plane ground.
[0013] An aim of the present invention is to satisfy the
above mentioned need.
[0014] The aforementioned aim is reached by device
for limiting the hanging of a rebounded axle of a vehicle
as claimed in claim 1 and by a corresponding method
according to claim 8.
[0015] For a better understanding of the present inven-
tion, a preferred embodiment is described in the follow-
ing, by way of a non-limiting example, with reference to
the attached drawings wherein:

• Figure 1 is a lateral plan view of a device for limiting
the hanging of a rebounded axle of a vehicle accord-
ing to the present invention;

• Figure 2 is a portion of the lateral plan view of the
device of figure 1;

• Figure 3 is an enlarged perspective view of a portion
of the device of figure 1; and

• Figure 4 is a detail view of an element comprised by
the device of figure 1.

[0016] Figures 1-3 show an embodiment of a device 1
according to the present invention on an off-road vehicle
for limiting the hanging of a rebounded axle 2 of the same
vehicle.
[0017] For sake of clarity figure 1 shows only a rear
axle 2 of a vehicle, however the present invention may
be applied to both rear and front axles.
[0018] The device 1 is preferably installed on a vehicle
comprising a chassis 3 having a couple of side members
3a according to a typical solution in the field of trucks for
defense and civil protection applications.
[0019] The device 1 comprises a suspension system
5 which includes, for example, two air bellows 6 and a
shock absorbers 7. In the following, the suspension sys-
tem 5 is described hereinafter for only one side of the
truck, e.g. the left-truck side. However, it is clear to one
skilled in the art that the same system is obviously present
on the opposite truck side, e.g. the right-truck side.
[0020] More preferably, the air bellows 6 and the shock
absorber 7 are mounted on a suspension supporting arm
9 which is connected to the axle 2 by means of a con-
nection assembly 10.
[0021] More in detail, the arm 9 is arranged below the
axle 2 and develops laterally along a transversal direction
with respect to a longitudinal axis A of the axle 2, sub-
stantially parallel to the side member 3a. The arm 9 com-
prises a central portion 9b, substantially positioned below
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the axle 2 and two terminal portions 9a extending from
the central portion 9b.
[0022] The air bellow 6 comprises an upper end 6a
configured to be connected to the side member 3a and
a lower end 6b configured to be connected to one of the
terminal portions 9a of the suspension supporting arm 9.
[0023] Similarly, the shock absorber 7 is connected at
its upper end 7a to the side member 3a and at its lower
end 7b to the arm 9 in a position between one of its ter-
minal part 9a and a central portion 9b between said ter-
minal parts 9a.
[0024] Advantageously, the suspension system 5 is a
so-called "ECAS", i.e. "Electronically Controlled Air Sus-
pension".
[0025] As per se known, ECAS systems comprise a
mechanical unit configured to adjust the air-pressure of
the air-bellows in order to hold or vary the height of the
suspension itself and an electronic unit configured to au-
tomatically control the aforementioned mechanical unit.
[0026] The ECAS electronic unit may be preferably
connected to a central control unit of the vehicle.
[0027] The connection assembly 10 comprises a plate
12, configured to be arranged over the axle 2, and a cou-
ple of U-shaped brackets 13 which are bolted to the cen-
tral portion 9b of the suspension supporting arm 9.
[0028] Preferably, the plate 12 (see figure 3) is sub-
stantially a parallelepiped comprising a central portion
12a, first lateral portions 12b and second lateral portions
12c. The first and second lateral portions 12b, 12c have
a lower thickness with respect to the central portion 12a.
[0029] Advantageously, the first lateral portions 12b
are opposite each other and extends with respect to the
central portion 12a in a direction which is parallel to the
extension direction of the supporting arm 9.
[0030] Moreover, the second lateral portions 12c are
opposite each other and extends with respect to the cen-
tral portion 12a in a direction which is perpendicular with
respect to the direction of extension of the first lateral
portions 12b. More preferably, the plate 12 is symmetric
and the first lateral portions 12b are placed in an upper
position with respect to the second lateral portions 12c.
[0031] Preferably, the plate 12 is monolithic, neverthe-
less it may be realized by more pieces which can be
welded together.
[0032] The U-brackets 13 are arranged over the plate
12 so that can be housed in corresponding seats defined
in said second lateral portions 12c. For each end of the
U-shaped brackets 13, a corresponding closing nut 14
is provided to fix the central portion 9b against the lower
part of the axle 2.
[0033] Advantageously, the device 1 (figures 1, 2 and
4) comprises a stopping device 11 provided by a first stop
element 15 and a second stop element 16 including re-
spectively a first belt 17 and a second belt 18.
[0034] The first and the second stop elements 15, 16
comprises moreover first connecting means 20 config-
ured to fixedly connect the upper ends 17a, 18a of the
belts 17, 18 to the side member 3a of the chassis 3 and

second connecting means configured to adjustably con-
nect the lower ends 17b, 18b of the belts 17, 18 to said
plate 12.
[0035] The first connecting means 20 preferably com-
prise a stirrup 23 essentially comprising a connecting wall
24 configured to be fixed to said side member 3a and a
pair of lateral walls 25 opposite each other and extending
from the lateral edges of the connecting wall 24 outwards
and substantially perpendicular with respect to the side
member 3a.
[0036] The lower ends of the pair of lateral walls 25
may be connected by a bottom wall 26 which is substan-
tially perpendicular to the lateral walls 25 and to the con-
necting wall 24.
[0037] The connecting wall 24 may be connected to
the side member 3a by bolts or by welding or by any
known typology of fixing means.
[0038] The first connecting means 20 comprises more-
over a metallic link 32 preferably having a substantial
triangular shape. More preferably the link 32 comprises
a seat 32a, positioned at one vertex 32b and inside the
triangular shape of the link 32, having a substantial cir-
cular shape. Advantageously, the seat 32a is integrally
realized with the link 32, preferably it is welded on the
seat 32a, and may be provided by a through-hole to allow
the passage of a screw 33 inside it.
[0039] Such a screw 33 can be insert inside the seat
32a of one the links 32 and get out from the seat 32a of
the opposite link 32. A nut 34 may fix the screw 33, and
therefore the links 32, to the lateral walls 25 of the stirrup
23.
[0040] In order to improve the stiffness of the structure,
a cylindrical bushing may be housed between the two
lateral walls 25 and configured to internally house the
screw 33.
[0041] An edge 32c of the link 32 opposite to seat 32a
is configured to house around it a span of said flexible
belts 17, 18.
[0042] The second connecting means 21 (figure 3 and
4) preferably comprise a metallic wing 35 being substan-
tially U-shaped. The wing 35 comprises a seat side 36
configured to house a span of said flexible belt 17, 18
and a couple of lateral sides 37 extending substantially
perpendicular from the seat side 36.
[0043] The two lateral sides 37 are configured to get
through corresponding holes realized in the first lateral
portions 12b of the plate 12.
[0044] A portion of the lateral sides 37 is threaded and
it is configured to receive nuts 38, advantageously upper
and lower nuts 38 with respect to lateral portions 12b
configured to adjust the portion of the lateral sides 37
which come out the lateral portions 12b. Consequently,
the length of the first and second stopping member 15,
16 is varied by the aforementioned setting.
[0045] Finally, the stopping device 11 may comprise a
buffer 40 housed beneath the bottom wall 26 of the stirrup
23 configured to avoids direct impact between the stirrup
23 and the plate 12 when the axle 2 moves up.
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[0046] Advantageously the belts 17, 18 are realized in
a flexible material and have the same fixed length. Ad-
vantageously the terminal ends 17a, 17b, 18a, 18b of the
belts 17, 18 may comprise a loop realized by sewing a
terminal portion of a belt 17, 18 on the belt 17, 18 itself.
[0047] The invention moreover relates to a set-up
method for a device 1 for limiting the hanging of a re-
bounded axle 2 as aforementioned described.
[0048] The method comprises the steps of:

• fixing one end 17a, 18a of the first and second stop
members 15, 16 to said side member 3a by the first
connecting means 20;

• lifting the ECAS suspension system 5 to a predeter-
mined level;

• connecting the other end 17b, 18b of the first and
second stop members 15, 16 to the plate 12 which
is joint to the axle 2 via the connection assembly 10
by the second connecting means 21;

• adjusting the length of the first and second stop mem-
bers 15, 16 thanks to the second connecting means
21 at the level consequent to the aforementioned
predetermined level set by the suspension system 5.

[0049] The predetermined level may be set by a user
(the driver of the vehicle, a worker of the manufacturing
line..) and it is preferably lower or at least equal to the
maximum extension level of the suspension system 5 in
order to avoid damages to the suspension system 5 itself.
[0050] In view of the foregoing, the advantages of a
device 1 according to the invention are apparent.
[0051] A device 1 according to the present invention
allows to use two identical stop elements 15, 16 therefore
simplifying the manufacturing of the stopping device 11
and avoiding mounting errors. Moreover, two identical
stop elements 15, 16 having the same nominal length,
allow a cost reduction for manufacturing the suspension
system.
[0052] The plate 12 which is joint by the connection
assembly 10 to the axle 2, has a symmetric shape and
therefore it simple and economic to be manufactured.
[0053] The set-up method for the aforementioned stop-
ping device 11 which uses the ECAS suspension system
5 allows a quick and easy set-up of the stopping device
11 on a plane ground.
[0054] Such set-up procedure can be simply carried
also by the user of the vehicle if one of the belts 17, 18
accidentally fails during the use of the vehicle. In fact,
the truck don’t have to be driven to a repair-station, in
order to lift the chassis, therefore the repair-costs and
time can be reduced, because the ECAS-system of the
truck can lift the chassis for the set-up.
[0055] It is clear that modifications can be made to the
described stopping device 1 which do not extend beyond
the scope of protection defined by the claims.
[0056] For example, the shapes of the link 32 or of the
swing 35, or of the plate 12 may be varied without chang-
ing their functionalities.

[0057] Again, the second connecting means 21 may
be realized using other adjustable connecting means,
such as a plug mechanism. Moreover each of the first
and second stop elements 15, 16 may comprise more
than one belt 17, 18.

Claims

1. Device for limiting the hanging of a rebounded axle
(2) on a vehicle, said vehicle comprising a chassis
(3) provided with a couple of side members (3a), said
device comprising a suspension system (5) connect-
ing the axle (2) and said side members (3a) and a
stopping device (11), said stopping device (11) com-
prising:

- a first stop element (15) including at least one
first flexible belt (17), first connecting means (20)
and second connecting means (21), each said
first and second connecting means (20, 21) be-
ing configured to respectively be connected to
the upper and the lower ends (17a, 17b) of said
at least one belt (17);
- a second stop element (16) including at least
one second flexible belt (18), first connecting
means (20) and second connecting means(21),
each said first and second connecting elements
(20, 21) being configured to respectively be con-
nected to the upper and the lower ends (18a,
18b) of said at least one belt (18);

said first connecting means (20) being configured
for fixedly connecting said upper ends (17a, 18a) of
the first and the second stop elements (15, 16) to
said side member (3a) of said chassis (3);
characterized in that said suspension system (5)
is an Electronically Controlled Air Suspension
(ECAS) system and in that said second connecting
means (21) are configured to adjustably connect said
lower ends (17b, 18b) of said first and the second
stop elements (15, 16) to an element (12) joint to the
axle 2, said second connecting means (21) being
configured to vary the set-up length of said first and
second stop elements (15, 16) in function of a pre-
determined set-up extension level of said ECAS sus-
pension -system (5).

2. Device according to claim 1, characterized in that
said first connecting means (20) comprise a link (32)
having a triangular shape, said link (32) comprising
a seat (32a) placed at one vertex (32b) of said trian-
gular shape configured to be fixedly connected by a
screw (33) to a stirrup (23) joint to said side member
(3a), said link further comprising one side (32c) op-
posite to said vertex (32b) which is configured to
house a span of said belt (17;18).
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3. Device according to claim 1 or 2, characterized in
that said second connecting means (21) comprises
a U-shaped wing (35), said wing (35) comprising a
back side (36) which is configured to house a span
of said belt (17;18) and two opposite lateral sides
(37) which are configured to be adjustably connected
to said element (12) joint to said axle (2) .

4. Device according to claim 3, characterized in that
said adjustable connection is realized by a threaded
connection realized between a threaded portion of
said lateral sided (37) of said wing (35) and a couple
of nuts (38) among which the element (12) is inter-
posed.

5. Device according to any of the preceding claims,
characterized by comprising a buffer (40) joint to
one between said element (23) joint to said chassis
(3) and said element (12) joint to said axle (3).

6. Device according to any of the preceding claims,
characterized in that said ECAS- suspension sys-
tem (5) comprises at least an air bellow 6.

7. Device according to any of the preceding claims,
characterized in that characterized in that said
suspension system (5) is provided for a left and a
right side of said vehicle.

8. Method for setting up a stopping device (11) for lim-
iting the hanging of a rebounded axle (2) on a vehicle
according to any of the preceding claims, said meth-
od comprising the steps of:

• fixing the upper ends (17a, 18a) of the first and
second stop members (15, 16) to said side mem-
ber (3a) by said first connecting means (20);
• lifting the ECAS- suspension systems (5) to a
predetermined level;
• connecting the lower ends (17b, 18b) of the
first and second stop members (15, 16) to said
axle by said second connecting means (21);
• adjusting the length of said first and second
stop members (15, 16) by said second connect-
ing means (21) at a level consequent to said
predetermined level of said ECAS- suspension
systems (5).

9. Method according claim 8, characterized in that
said predetermined level is lower or at least equal to
the maximum extension level of the ECAS suspen-
sion system (5).
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